A model for dynamic simulation of dry matter distribution between reproductive and vegetative plant parts and the distribution among individual fruit trusses in glasshouse tomato, is validated. The model is part of the crop growth model TOMSIM and is based on the hypothesis that dry matter distribution is regulated by the sink strengths of the plant organs, quantified by their potential growth rates, i.e. the growth rates at non-limiting assimilate supply. Within the plant, individual fruit trusses are distinguished and sink strength of a truss is described as a function of its development stage. Truss development rate is a function of temperature only. The same potential growth curve, proportional to the number of fruits per truss, is adopted for all trusses. In a simple version of the model, vegetative plant parts are lumped together as one sink with a constant sink strength. In a more detailed version, vegetative sink strength is calculated as the sum of sink strengths of vegetative units (three leaves and stem internodes between two trusses).
INTRODUCTION
An important limitation of crop growth models is their weakness in simulating dry matter partitioning (Challa, 1985 ; Evans, 1990) . Many theories have been put forward to describe and\or explain assimilate distribution among plant organs (reviewed by Marcelis, 1993) . However, as biomass allocation is still only poorly understood (Marcelis, 1993) often explanatory models given way to empirical ones in this field (Evans, 1990) .
In crops which grow indeterminately, e.g. cucumber, sweet pepper and tomato, dry matter distribution may change dynamically (Hall, 1977 ; De Koning, 1989 ; Marcelis, 1992) . Simulation of dry matter distribution based on organ sink strength, a term used to describe the competitive ability of an organ to attract assimilates (Wolswinkel, 1985) , seems promising for such crops (Marcelis, 1993) , as has been shown for cucumber (Marcelis, 1994) and tomato (Heuvelink and Marcelis, 1989 ; Jones et al., 1991 ; Dayan et al., 1993 ; De Koning, 1994 ; Heuvelink and Bertin, 1994) .
These authors defined the sink strength of an organ as the capacity of a sink organ to accumulate assimilates and quantified this capacity by organ potential growth rate, i.e. the growth rate under non-limiting assimilate supply. Patrick (1993) stated that describing sink strength in this way, i.e. by a set of parameters describing the sink's ability to influence assimilate import which are independent of the rest of the plant, makes it a useful measure, whereas defining it in terms of a net import of assimilates, as several authors have done, should be dismissed. The approach using demand functions (sink strength) has some mechanistic aspects and can be used to simulate dry matter distribution, irrespective of the type of organs involved.
Only limited experience exists in modelling dry matter distribution as a function of the potential growth rates of the plant organs (sinks), which may be partly explained by the large number of parameter values needed for such a model. In general, these models are not well validated, as for most (glasshouse) crops there are limited amounts of quantitative data on dry matter distribution. Sometimes models are validated wholly or partly on the same data as those used for model development (e.g. Jones et al., 1991 ; Lieth and Pasian, 1991) , which is not sound practice (McCarl, 1984) . Heuvelink and Marcelis (1989) presented a model for dry matter partitioning in tomato, based on the sink strengths (potential growth rates) of the plant organs. Heuvelink and Bertin (1994) adjusted this TOMSIM-model (small changes in prediction of truss appearance rate, fruit growth period and a different leaf-stem ratio) and performed a sensitivity analysis. Because their validation is restricted to a few experiments, validation under a wider range of conditions would be necessary, to test the assumptions made.
The object of this paper is to calibrate the constant vegetative sink strength in the dry matter distribution model described by Heuvelink and Bertin (1994) and to validate the model varying planting date, temperature, plant density, fruit pruning and the number of shoots per plant. Validation focuses on the following model assumptions : (1) truss sink strength is proportional to the number of fruits per truss ; (2) assimilates are partitioned from one common assimilate pool (no influence of phloem transport resistance on partitioning) ; and (3) no direct influence of assimilate supply nor temperature on the ratio between generative and vegetative sink strength exists. Assumption (2) seems to contradict the observation that assimilates produced in tomato leaves are preferentially distributed to the sinks nearby (Tanaka and Fujita, 1974 ; Ho and Hewitt, 1986) and assumption (3) contrasts with the observed, considerable, decrease in the ratio between vegetative and generative sink strength with increasing temperature (De Koning, 1994) . Furthermore, the question to what extent a refinement of dynamic vegetative sink strength described for individual vegetative units (three leaves and stem internodes between two trusses ; De Koning, 1994) could improve predicted partitioning as compared to a constant vegetative sink strength, was addressed.
DESCRIPTION OF THE MODEL
Although the model for dry matter distribution has already been described (TOMSIM ; Heuvelink and Bertin, 1994) , here a more complete description is presented, including additional literature references for the model assumptions and functions and for parameter values.
Theory
In the model, dry matter distribution is primarily regulated by the sinks, an assumption which is generally accepted (Gifford and Evans, 1981 ; Farrar, 1988 ; Marcelis, 1994) . For tomato this has been shown in a related paper (Heuvelink and Buiskool, 1995) . The time step of the model is 1 d. Climatic data needed are average 24 h glasshouse temperatures only, as light intensity and CO # concentration are assumed to affect only the availability of assimilates, not their distribution. Assimilate supply did not influence dry matter distribution in tomato, unless supply was so low that flower and\or fruit abortion occurred, which reduced distribution to the fruits indirectly .
The elements described in the model are the individual fruit trusses, whereas the vegetative plant parts are lumped together as one sink. A truss is composed of a known number of identical fruits and individual fruits within trusses are not simulated. Individual fruits may be modelled by a relation between fruit position within a truss and fruit sink strength and assuming a constant flowering rate within the truss (De Koning, 1994) . However, this distribution function for fruit weight within a truss and for fruit harvest from one truss over time, may also be applied after truss harvest. Consequently, the model remains simple, but the results are expected to be the same as for a more complex version, where every fruit is simulated individually.
Daily available assimilates (expressed as g dry matter per plant) are distributed among N (total number of sinks per plant) sinks according to their sink strength (S i , g d − " per sink) relative to the total sink strength of all sinks together (Σ S i , g d − " per plant). The fraction of dry matter partitioned into a sink organ ( f i ) is thus calculated as :
The growth rate of a sink organ is obtained by multiplying f i by the total amount of dry matter available for growth of the plant. When the available biomass equals or exceeds the total sink strength, each sink organ will grow at its potential rate. In that case, the assimilates not used for growth are stored as reserves. The next day these reserves are added to the newly formed assimilates.
Appearance and har est of trusses
Trusses with N f fruits appear (anthesis of N f \2 flower) at a rate [flowering rate, FR (trusses d − ")], which depends on the natural logarithm of average daily (24 h) glasshouse temperature (T ), as measured for cv. Counter by De Koning (1994) :
Equation (2) described the truss appearance rate in cv. Counter very well (Heuvelink and Bertin, 1994) . Assimilate supply and sink-source ratio had little effect on this relation (De Koning, 1994 ; Heuvelink and Buiskool, 1995) and therefore are ignored. The number of set fruits per truss (N f ) was not modelled, as no reliable description is available at present (De Koning, 1994) . However, N f is provided as an input to the model and may be given different values for different trusses.
In the model, trusses are harvested after a certain period from anthesis. This period, the growth period of a fruit [FGP, time from anthesis to colouring of the fruit (d)], decreases with temperature (Heuvelink and Marcelis, 1989 ; De Koning, 1994) . Sensitivity of fruit development rate (FDVR ; d − ") to temperature varies during fruit development. De Koning (1994) and Heuvelink (unpubl. res.) observed a higher sensitivity to temperature just after anthesis and especially 1-2 weeks before fruit colouring. Therefore the temperature sensitivity of FDVR is described 
where FDVR t is the fruit development rate (d − "), T t is the average 24 h temperature (mC) and FDVS t is the fruit development stage (0-1, FDVS ! l 0), all at t days after anthesis. Truss development stage (TDVS) is defined as fruit development stage (FDVS) of the N f \2 flower on the truss. Equation (3) described fruit growth period in cv. Counter quite well (Heuvelink, unpubl. res.) for a wide range of conditions (temperature, plant density, fruit pruning, double-shoot plants). Assimilate supply and sink-source ratio had little influence on FGP (De Koning, 1994) and therefore are ignored. Heuvelink and Marcelis (1989) determined growth curves of tomato fruits by measuring fruit diameter twice a week on trusses with one or two proximal fruits. A fitted relationship between dry weight and diameter of fruits was used to estimate fruit dry weight. No differences in fruit growth with one or with two fruits per truss were observed and therefore measured fruit growth rate was assumed to be the potential rate of growth. The potential growth rate of a truss (PGR) is given by the first derivative of the Richards growth function (Richards, 1959) , relating fruit dry weight to time after anthesis (Heuvelink and Marcelis, 1989) . However, these authors showed that, when plotted against truss development stage, PGR was little affected by temperature. Therefore one set of parameter values is sufficient to describe the potential dry weight growth of trusses at different temperatures satisfactorily :
Potential growth rate of trusses
where PGR t is potential growth rate of a truss (g d − "), N f is the number of set fruits per truss, TDVS t is the truss development stage at t days after anthesis and a (0n138), b (4n34), c (0n278) and d (1n31) are the parameters in the Richards growth function. Experiment and procedure to derive the parameters are given elsewhere (Heuvelink and Marcelis, 1989) . The value for a was reduced by 12 % , compared to Heuvelink and Bertin (1994) , to correct for the drying temperature, 60 mC instead of 105 mC, the internationally accepted standard (ISO 6496-1983) .
Potential growth rate of egetati e parts
As proposed by Kano and Van Bavel (1988) , the total vegetative sink strength (potential growth rate) of a tomato plant was assumed to be constant. Analogous to the sink strengths of fruits, sink strength of vegetative organs is quantified by their potential growth rates achieved at nonlimiting assimilate supply. However, at such conditions storage of excess assimilates in leaves and stem (Ho, Sjut and Hoad, 1983 ) may lead to an over-estimate of vegetative sink strength. Moreover, prolonged exposure to low sinksource ratio can even reduce leaf growth (Nederhoff, De Koning and Rijsdijk, 1992) . Therefore, an ' effective ' potential growth rate of the vegetative plant part was derived indirectly by running the model with different values for the potential growth rate of the vegetative part and choosing the value which gave the best linear fit of simulated against measured cumulative fraction of dry matter allocated to the fruits. This procedure was applied to the data of the experiment described by Heuvelink (1995 c ) and to expt 3 of Heuvelink and Buiskool (1995) . In both experiments all trusses were pruned to three or seven flowers at anthesis. The experiment of Heuvelink (1995 c ) was conducted in two glasshouse compartments with different temperature regimes, constrained to the same average temperature. From these six data sets, the potential growth rate of the vegetative parts was estimated to be 2n8 g d − ", which is more accurate than the value of 3n0 g d − " adopted by Heuvelink and Bertin (1994) .
Within the vegetative parts, dry matter is distributed according to fixed ratios between leaves, stem and roots. For the ratio between leaves and stem, has shown that this is a plausible assumption. All sinks derive their assimilates for growth from one common assimilate pool. Indeed, results of Heuvelink (1995 b) support this assumption and show no significant influence of distance (transport resistance) between source and sink on dry matter distribution. The same assumption was made by Marcelis (1994) for cucumber.
Vegetati e part composed of egetati e units
In a more detailed description (De Koning, 1994) , vegetative sink strength is calculated as the integral of sink strengths of each vegetative unit (stem and three leaves between two trusses) :
where i is the truss number, T t is the 24 h average temperature (mC), PVGR i,t is the potential growth rate for a vegetative unit (g d − ") and PFGR i,t is the potential fruit growth rate (g d − ") for a single fruit of the corresponding truss, both at t days after start of growth (explained below). A vegetative unit starts to grow about 3 weeks (depending on temperature) before the corresponding truss, e.g. at anthesis of truss 5, vegetative unit 8 starts to grow. Equation (6) describes a direct effect of temperature on the ratio between vegetative and generative sink strength, as observed by De Koning (1994) . This direct effect of temperature is tested in the present work. In other cases, a constant ratio of 3n0 [value at 20 mC in eqn (6)] is adopted. The development rate of a vegetative unit is set equal to that of a fruit (De Koning, 1994 ) and a unit stops growing when its development stage exceeds 1. Hence, possible growth of (the stem part of) a vegetative unit after this stage has been reached, was ignored. Before anthesis of the first truss, vegetative growth is an input. Usually 9-12 leaves (Dieleman and Heuvelink, 1992) , precede the first truss and thereafter a vegetative unit contains three leaves. Therefore, sink strength of the first vegetative unit is assumed to be higher than that of a unit with three leaves. A multiplication factor of 2n5 was adopted for this increase. This value is lower than what would be inferred from the number of leaves. However, the first few leaves are relatively small and hence have a low sink strength (De Koning, 1994) . At anthesis of the first truss, the initial values for the development stages of the first three vegetative units are set at 0n38, 0n25 and 0n13, respectively (De Koning, 1994) . These values result from model calculations at 20 mC. The assumptions on the sink strength of the vegetative unit below truss 1 and the initial development stages of units 1, 2 and 3, are rather arbitrary. However, using a multiplication factor of 3n0 instead of 2n5, or increasing or decreasing the initial development stages of the lowest three units by 50 %, hardly influenced simulation results (data not shown), proving that the system was rather insensitive to this particular detail.
MATERIALS AND METHODS
Tomato plants (Lycopersicon esculentum Mill.) cultivar Counter (De Ruiter Seeds, Bleiswijk, The Netherlands) were grown in soil (expts 1-6) or on rockwool slabs placed in containers (expt 7). Experiments 1-6 have been described elsewhere (see Table 1 ) and for all details to these descriptions is referred. Periodically (every 6-23 d) plants were selected at random for destructive measurements. Number of visible ( 0n5 cm) trusses, dry weights (ventilated oven ; 60 mC for at least 1 week) of leaves (including petioles), stem, individual fruit trusses, removed leaves and picked fruits were determined. In expt 3, fruit dry weight on the plant was determined as a whole and not for every truss separately. Leaves were removed below the T  1. 2 † FS487 Mar. fruit pruning : 3 or 7 fruits per truss 20n0 3 n 0, 6n3 3 † 28 Jan. fruit pruning : 2, 4 or 6 fruits per truss 19n9 1 n 9, 3n9, 5n6 4* 14 Apr. fruit pruning in combination with plant density : 3, 5 and 7 fruits per truss at 4n8, 2n9 and 2n1 plants m −# , respectively 21n2 3 n 0, 4n9, 6n9 5 † 7 Jun. no truss pruning (control) or every other truss removed at anthesis (k50 % trusses) 23n2 6 n 6 6 n 9 6 † 8 Mar. single-shoot plants (control) or double-shoot plants with every even-numbered truss removed from one shoot and every unevennumbered truss removed from the other shoot (50-50) or no truss removal on one shoot and all trusses removed from the other shoot (100-0) ; trusses removed at anthesis 20n3 -7 4 Jun. 3 constant temperatures : 17 mC 1 7 n 0 7 n 9 20 mC 1 9 n 8 6 n 7 23 mC 2 3 n 0 5 n 2
Reported by : * Heuvelink (1995 d) . † Heuvelink and Buiskool (1995) .
lowest truss still on the plant two to four times during an experiment. Fruits were picked when they started to change colour, three times a week. Samples dried at 60 mC contain more water than those dried at 105 mC, the internationally accepted standard (ISO 6496-1983) . Fruit dry weights were divided by 1n12 to correct for this higher water content. For leaves and stem this difference was insignificant (only 1-2 %) and therefore ignored . Unfortunately, due to growing in soil, no measurements on the root system were possible. Experiment 7 was conducted in three climate rooms (4i4 m, 2n2 m high and lit with Philips TLD-hf 50W fluorescent tubes (colour 84) at a light intensity of 30 W m − # photosynthetically active radiation (PAR), a day length of 16 h and a relative humidity of about 70 %). Plants were raised and grown as described before (Heuvelink, 1995 c 
Model alidation
For each set of experimental data, a cubic spline function fitted to the total above-ground dry weight was used to derive daily above-ground dry weight increase. In this way growth rates were somewhat smoothed compared to a linear interpolation between successive dry weight measurements. However, at every measuring date cumulative growth (weight) was equal to the measured dry weight, and the simulation results were almost identical to results using linear interpolation (data not shown). Fitting a spline function was preferred instead of fitting a general growth curve to the data, as fluctuations in growth rate due to climatic conditions in the glasshouse are likely to have occurred. These fluctuations would be lost if, for example, a sigmoid type of growth curve was fitted to the data. The calculated daily dry weight increase was input to the model, together with initial dry weights, initial number of trusses and 24 h average temperatures inside the glasshouse.
The actual number of fruits set per truss was also input. This number was almost equal to the desired number of fruits, except for expt 7 (Table 1) . In expt 5, number of set fruit per truss was not recorded, but as desired number was only five fruit per truss, numbers achieved are likely to have been close to the desired number, which was input in the model. Note that only above-ground dry matter distribution was simulated, whereas total above-ground dry weight increase (including assimilate storage) was input to the model. Roots were not taken into account in the model validation.
One way of judging model performance was by linear fit of simulated against measured cumulative fraction of dry matter partitioned into the fruits. The success of the model was quantified by the slope of the linear regression. When storage of assimilates was simulated, stored dry matter was added to the vegetative plant parts for calculation of the simulated fraction of dry matter partitioned into the fruits, as it is known that tomato can store assimilates in the leaves and stem (Ho et al., 1983) .
RESULTS

Validation of the model
For expts 1-6 simulated dry matter partitioning showed good agreement with the measurements (Fig. 1) . The slope of the regression lines relating simulated to measured fraction dry matter partitioned to the fruits (16 data sets) varied between 0n92 and 1n11, on average it was 1n04, implying 4 % over-estimation for this fraction. Simulated time course of fruit dry weight agreed well with measurements (data not shown) : final fruit dry weight was on average only 1 % over-estimated. Highest discrepancies were observed in expt 1 (13 % over-estimation at lowest plant density), expt 5 (13 % over-estimation when every other truss was removed) and expt 6 (12 % under-estimation for both double shoot treatments). In expt 6, the model over-estimated distribution to the fruits when the cumulative fraction was below 0n3, whereas thereafter distribution to the fruits was under-estimated ( Fig. 1 F) . Both double-shoot treatments showed the same relationship between simulated and measured fraction distributed to the fruits (Fig. 1 F) . In all experiments, simulation of underlying processes (truss appearance rate and truss growth period) was in accordance with the measurements (data not shown).
Assimilate storage at the end of an experiment was simulated for expt 2 (3 fruits per truss), expt 3 (2 and 4 fruits per truss), expt 4 (7 fruits per truss) and expt 6 (doubleshoot plants). Simulated stored dry weight at the end of an experiment was 330-420 mg g − " measured vegetative dry weight (excluding removed leaves), except for expt 4 (7 fruits per truss) where it was 170 mg g − ". Also in the control plants of expt 6, storage was simulated of up to one third of measured vegetative dry weight, but at the end of the simulation assimilate pool was empty.
It was expected that the more detailed model would result in a better simulation of dry matter allocation. Indeed, it performed slightly better ( Fig. 1) : the slope of the regression lines relating simulated to measured fraction of dry matter partitioned to the fruits varied between 0n89 and 1n08, on average it was 1n01. Simulation of final fruit dry weight did not improve : on average it was under-estimated by 1 % and this percentage varied between 15 % under-estimation and 11 % over-estimation. For expt 4, simulated vegetative sink strength increased from 1n7 to 3n4 g d − " per plant, according to the more detailed model (Fig. 2) . By the time of the first fruit harvest (sudden decrease in generative sink strength) the lowest four vegetative units had already stopped growing. Both vegetative and generative sink strength remained almost constant after first harvest. Sudden decreases in sink strength resulted from the removal of trusses or leaves. A larger number of fruits per truss resulted in larger decreases in generative sink strength. Average vegetative sink strength over the whole growing period was 2n86 in the detailed model, whereas it was constant at 2n80 in the simple version. In general, simulated individual truss growth curves showed reasonable agreement with the measurements (Figs  3 and 4) . Simulation results, assuming a constant vegetative sink strength hardly differed from those of the more detailed model. Usually, final dry weights of the lower trusses (truss 1-3) were over-estimated (on average by 17 %, Table 2 ).
For expt 7, the slope of the regression lines relating simulated to measured fraction of dry matter partitioned to the fruits were 1n04, 0n95 and 0n95 at 17, 20 and 23 mC, respectively, when no direct influence of temperature on partitioning was assumed in the model (Fig. 5) . If a direct influence of temperature, according to eqn (6), was assumed, these slopes were 0n81, 0n94 and 1n19, respectively. Hence, assuming a direct temperature influence led to 19 % underestimation in partitioning to the fruits at 17 mC and to 19 % over-estimation of partitioning to the fruits at 23 mC.
T  2. Simulated final truss dry weight di ided by measured final truss dry weight for trusses 1-5 and for trusses 6 and higher in fi e alidation experiments
Truss number 6 and Experiment Treatment 1 2 3 4 5 higher 1 0 n 4 m 1n04 1n18 1n08 0n77 1n01 1n12 0n6 m 1n36 1n30 1n14 0n93 0n90 1n05 0n8 m 1n23 1n21 1n16 1n12 0n98 1n13 2 3 fruits per 1n17 1n07 1n05 1n06 1n07 0n80 truss 7 fruits per 1n20 1n07 1n06 1n14 1n11 1n10 truss 4 3 fruits per 1n09 1n14 1n06 0n94 0n73 1n01 truss 5 fruits per 1n08 1n14 0n99 0n94 0n99 1n16 truss 7 fruits per 1n17 1n15 0n99 0n96 0n93 1n04 truss 5 control 1n20 1n30 0n85 0n88 0n89 1n08 k50 % trusses 1n45 1n16 1n28 1n00 
DISCUSSION
Range of conditions tested and measure for model alidity
Total plant growth varied widely, as a result of different planting dates and plant densities (expts 1 and 4). The proportion of dry matter distributed to the fruits at the end of an experiment varied between only 0n31 in expt 3 (two fruits per truss) to 0n57-0n59 in expt 1 (Fig. 1) . Unfortunately, validation of temperature response is mainly restricted to expt 7, as in expt 1-6 average temperature did not vary much (Table 1) . It is emphasized, that validation experiments were not used in model development and calibration, a necessary condition which is often not respected (see Introduction). Model validity was assessed by linear regression of simulated cumulative fraction of dry matter partitioned to the fruits against measured fraction. A more informative comparison would be based on the measured and simulated time course of the daily fraction of dry matter distributed to the fruits (e.g. Marcelis, 1994) . However, the present measurements did not allow for such a comparison. Plants were sampled over periods of 1 week or longer and measurements were destructive, which increases experimental error (within-plant variation), especially with few plants.
Is truss sink strength proportional to the number of fruits per truss ?
Assuming truss sink strength to be proportional to the number of fruits per truss, resulted in a good agreement between measured and simulated dry matter partitioning in fruit pruning experiments (Fig. 1 B, C, D) . However, it should be noticed that the maximum number of fruit per truss was 7 in the present experiments, whereas De Koning (1994) measured 9-11 fruits per truss in a commercially grown crop. He observed a relatively low potential fruit weight for the distal fruits on a truss (positions 6 and 8 were measured). Hence, it is expected that assuming identical sink strength for all fruits on a truss will over-estimate truss sink strength in case of a large ( 7) number of fruits per truss.
Why is dry weight of lowest trusses o er-estimated ?
Final dry weights of the lower trusses (truss 1-3) were almost always over-estimated (Table 2) , whereas cumulative partitioning between fruits and the vegetative plant part was simulated in agreement with the measurements (Fig. 1) . Hence, the simulated sink strength of the lower trusses was too high relatively to sink strength of the higher trusses. Indeed, De Koning (1994) observed a significant increase in potential fruit weight with truss number, which may be explained by enlargement of the apex and subsequent increase of the fruits' cell number during ontogeny. This ontogenetic effect was most pronounced in early-season crops, most likely as a result of the effect of irradiance on assimilate availability (De Koning, 1994) . The saturationtype function relating truss sink strength to truss position, developed by De Koning (1994) and more pronounced at low irradiance, was tested in our validations (data not shown), but results were unrealistic, as simulated total plant sink strength in the first weeks after first anthesis was lower than measured plant growth in most experiments. When partitioning among trusses has to be predicted accurately, for example for the prediction of harvest weight in time, modelling ontogenetic effects on sink strength of fruits and vegetative units seems necessary. Hence, more research is needed on these relationships.
One common assimilate pool and storage of assimilates
The assumption of a common assimilate pool, although preferences in assimilate distribution are reported (Tanaka and Fujita, 1974 ; Ho and Hewitt, 1986) , yielded good simulation results, even for quite extreme conditions (expt 6 ; Fig. 1 F) . If distance between source and sink were to play an important role in assimilate partitioning, one would expect over-estimation of distribution to the fruits for the 100-0 double-shoot plants and agreement with the measurements for the 50-50 double-shoot plants. Because such differences between the two double-shoot treatments were not observed (Fig. 1 F) , there is no reason to abandon this assumption.
Assimilate storage, which was simulated in some treatments, seems likely (Heuvelink, 1995 b) . Storage was almost exclusively simulated in treatments with a low fruit\leaf ratio, probably resulting in sink limitation. Simulated storage was 170-420 mg g − " measured vegetative dry weight, which is high but not impossible. For example, Ammerlaan, Joosten and Grange (1986) reported for tomato leaves a starch content of 140-590 mg g − " dry weight and from Yelle et al. (1989) Assimilate supply had no direct influence on dry matter distribution, which was clearly shown in expt 1. Total plant growth was almost doubled at 0n8 m compared to 0n4 m within-row plant distance (data not shown), whereas fruit dry weight increase was simulated reasonably well for both treatments (Fig. 1 A) . Indirect influence of assimilate supply through fruit abortion was excluded by fruit pruning to rather low levels : a maximum of 7 fruits per truss was allowed. Hence, equal numbers of fruits per truss could be achieved for the three plant densities in expt 1 (Table 1) .
In expt 7 (Fig. 5) , no evidence exists for a direct influence of temperature on the ratio between vegetative and generative sink strength. Interpretation of expt 7 is only possible by using the model, as indirect temperature effects on truss appearance rate and fruit abortion (Table 1) are obvious. Results agree with a glasshouse experiment, where indirect temperature effects were (almost) excluded (Heuvelink, 1995 c ) . The direct temperature influence estimated by De Koning (1994) and represented in eqn (6), seems to be too strong (Fig. 5) . Experiment 7 was not sensitive enough to exclude a small direct temperature influence on partitioning, as only a few destructive harvests and no repetitions were conducted.
A constant egetati e sink strength ?
At constant vegetative sink strength, simulated dry matter partitioning between fruits and the vegetative plant part was almost the same as for the more detailed model and in good agreement with the measurements (Fig. 1) . Agreement between the two ways of modelling vegetative sink strength can be easily explained, as in the detailed model vegetative sink strength did not differ much from the constant value of 2n8 (Fig. 2) . The attractiveness of using a constant vegetative sink strength is its simplicity. However, modelling vegetative sink strength based on vegetative units enables the simulation of stopping of a plant : no new vegetative units are initiated. Secondly, this feature enables parametrization (e.g. potential weight) of a unit according to its position on the plant. Such an ontogenetic increase has been observed for tomato fruits (De Koning, 1994) and may also exist for the vegetative plant parts.
Applicability of the model
Modelling dry matter partitioning based on dynamic sink strengths of organs looks very promising, as it is a general, mechanistic and flexible approach, showing good agreement between measurements and simulation for a range of conditions. Although the structure of the model is general, many parameters (e.g. truss appearance rate and potential fruit growth rate ; De Koning, 1994) are crop-or even cultivar-specific. When another crop is modelled, more changes may be necessary, even concerning model structure.
Number of fruits per truss is not simulated, but input in the present model. This is a serious limitation on the general applicability of the model. Fruit abortion is a major feedback mechanism in the tomato plant. Low availability of assimilates reduces the number of new fruits through flower and\or fruit abortion (Atherton and Harris, 1986 ). Several workers have described fruit abortion as a function of sink-source ratio (e.g. Bertin and Gary, 1993 ; Dayan et al., 1993 ; Marcelis, 1994 ; Bertin, 1995) . This approach, however, clearly has its limitations : Marcelis (1994) , working with cucumber, needed different functions at different temperatures and Bertin and Gary (1993) and Bertin (1995) report different functions for the same tomato cultivar. De Koning (1994) used growth of the vegetative unit during the first 3 weeks after initiation as a predictor for fruit abortion. This approach is based on the reasoning that availability of assimilates for the apex will stimulate both vegetative growth in the plant top and the number of flowers initiated per truss. De Koning's (1994) approach may be useful, but in a validation on commercially grown crops, number of fruits per truss was not predicted satisfactorily (De Koning, 1994) . More research is needed to come to a more general applicable, and thoroughly validated description of flower and\or fruit abortion.
